Introduction
As a result of advanced diagnosis and treatment, the 5-year survival rate of children diagnosed with cancer has increased from less than 60% in the 1970s to 83% in 2010. 1, 2 Although these increased survival rates are promising, survivors are often more susceptible to adverse health effects later in life due to the anticancer treatments that they received as children. 3 In fact, cardiovascular-related disease is the leading cause of morbidity and mortality in childhood cancer survivors. 4 Of importance, approximately 30% of children diagnosed with cancer are treated with anthracyclines such as doxorubicin (DOX). 4 Thus, despite the fact that anthracyclines are known to have cardiotoxic effects that may go undetected but progress to cardiac dysfunction and eventually heart failure later in life, 1 anthracyclines continue to be used in cancer therapy.
It is widely accepted that the risk of anthracycline-induced cardiotoxicity increases with a higher anthracycline cumulative dose. 5 However, recent studies have discovered that sub-clinical cardiotoxic events occur in children who receive even lower doses of anthracyclines, 6, 7 suggesting that there is no safe dose of anthracyclines in terms of cardiotoxicity. Since anthracyclines do not cause cardiac dysfunction in every childhood cancer survivor, it is important to study co-morbidities that may increase the odds of experiencing a late-onset cardiac dysfunction in these patients. For instance, since hypertension significantly increases the risk of developing late-onset heart failure in childhood cancer survivors, 8 it is possible that anthracycline-treated children are more susceptible to hypertension-induced cardiomyopathy later in life. If this holds true, developing strategies that can prevent anthracycline-induced cardiac injury during treatment may prevent the eventual onset of cardiomyopathy as adults.
To investigate this, we developed an animal model of anthracyclineinduced cardiotoxicity whereby young mice were subjected to a once weekly regimen of DOX for a period of 3 weeks and then followed-up later in life. DOX was administered to juvenile mice in doses low enough to produce no overt cardiac dysfunction, yet at a dose sufficient to induce molecular signalling pathways indicative of cardiotoxicity. The effects of this latent cardiotoxicity were then studied in adult mice administered angiotensin II (Ang II) to determine if early DOX-induced cardiac injury increased the risk of hypertension-induced cardiomyopathy later in life. Our study investigated the molecular and physiological mechanisms that may contribute to the sub-clinical anthracyclineinduced cardiac injury that leaves paediatric patients susceptible to lateoccurring recurrent or progressive cardiac dysfunction 9 as well as an intervention strategy that could be used to prevent this.
Methods

Experimental animals
All protocols involving mice were approved by the University 
DOX treatment
Following 1 week of acclimatization, male C57BL/6N mice at 5 weeks of age were randomly assigned to Saline-injected (Control) or DOXinjected groups. The mice were administered an intraperitoneal injection of DOX (4 mg/kg body weight) or an equal volume of normal saline once per week for 3 weeks. A cohort of mice was euthanized 1 week after the last DOX injection to determine the acute effects of DOX by an intraperitoneal injection of sodium pentobarbital, and another cohort was left to recover for 5 weeks to determine the late-occurring effects of DOX. Following the 5-week recovery period at the age of 12 weeks (the age of young adult mice), the mice were infused with a low (1.4 mg/ kg/day) or high (2.8 mg/kg/day) dose of Ang II or saline for 14 days through subcutaneously implanted ALZET osmotic mini-pumps (Durect Corp, Cupertino, CA) to induce hypertension as previously reported. 10, 11 Briefly, mice were anesthetized using 1.0-1.5% isoflurane with an intramuscular injection of 5 mg/kg meloxicam to obtain the surgical plane of anaesthesia. Thereafter, mice were placed in the prone position and a midscapular incision made. Osmotic mini-pumps were implanted subcutaneously and skin was closed with surgical staplers. To investigate the preventative effect of resveratrol on DOX-induced cardiotoxicity, juvenile mice were fed a control chow diet or a diet containing 0.4% resveratrol (as we have performed previously 10, 12 ) for 1 week prior to initiation of saline or DOX injections. Following the 1 week resveratrol pre-treatment, mice received 3 weekly intraperitoneal injections of either saline or DOX. Resveratrol administration was discontinued at 1 week after the last DOX injection. Body weight and food consumption were measured weekly. Body composition was assessed by EchoMRI (Echo Medical System, Houston, TX). Mice had ad libitum access to food and water.
Locomotor activity
Home-cage activity was recorded in individually housed animals during several days under 12:12 h light:dark cycle. Locomotor activity was determined by means of an automated system that used small passive infrared sensors positioned on the top of each cage (ActiMeter, TechnoSmart, Rome, Italy). This system allowed continuous monitoring of undisturbed mouse locomotor activity. 13 Activity was quantified as average values for either the dark (active) or light (rest) phase of the cycle.
Echocardiography
Mice were anaesthetized using 0.75%-1.5% isoflurane (induction with 3% isoflurane), and transthoracic echocardiography was performed in a blinded manner to assess cardiac function and remodelling using a Vivo 770 High-Resolution Imaging System equipped with a 30-MHz transducer (Visual Sonics, Toronto, ON, Canada) as previously described. 12 
Immunoblot analysis
Mice were euthanized with an intraperitoneal injection of sodium pentobarbital (120 mg/kg body weight). Hearts were snap-frozen in liquid nitrogen. Frozen heart tissue was homogenized according to previously reported methods 14 
Quantitative real time-PCR
Total RNA from the frozen tissues was isolated using TRIzol V R reagent (Life Technologies, Carlsbad, CA). First-strand cDNA was synthesized by using the High-Capacity cDNA reverse transcription kit (Life Technologies). Quantitative analysis of specific mRNA expression was performed by real time-PCR, by subjecting the resulting cDNA to PCR amplification using 384-well optical reaction plates in the ABI 7900HT instrument (Applied Biosystems, Foster City, CA). Gene expression of a cardiac stress marker (atrial natriuretic peptide: ANP, forward primer; 5 0 -GGA GCC TAC GAA GAT CCA GC-3 0 , reverse; 5 0 -TCC AAT CCT GTC AAT CCT ACC C-3 0 ) were analysed as previously described. 15 Data are presented as the fold change in gene expression normalized to the endogenous reference gene (beta-actin, forward primer; 5 0 -TAT TGG CAA CGA GCG GTT CC-3 0 , reverse; 5 0 -GGC ATA GAG GTC TTT ACG GAT GTC-3 0 ).
Blood pressure measurement
Blood pressure was measured using the non-invasive tail cuff method with an iiTC blood pressure analysis system (IITC Life Science, Woodland Hills, CA) as previously described. 10, 11 Blood pressure measurements via tail cuff were corroborated by a telemetric blood pressure recording device, TA11PA-C10 (Data Science International, St. Paul, MN), analysed using PowerLab 4/30 Acquisition and LabChart 7 software (ADInstruments, Colorado Springs, CO). Blood pressure was recorded at 1 week after the last DOX injection, as well as immediately before and 2 weeks after Ang II infusion.
Histology
Haematoxylin and eosin staining of paraffin-embedded left ventricular (LV) heart sections taken mid-papillary were visualized using a Leica DMLA microscope (Leica Microsystems, Wetzlar, Germany) equipped with a Retiga 1300i FAST 1394 CCD camera (OImaging, Surrey, BC, Canada) as described previously. 14 Representative images were taken from each sample. Cardiomyocyte cross-sectional area was assessed using ImageJ software.
RNA sequencing
Total RNA extracted from heart tissues was subsequently used to generate the cDNA library using standard TruSeq library stranded construction protocol and the samples were sequenced on Illumina NextSeq500. Quality of the sequencing reads was assessed using FastQC v0.11.4 software. Raw reads were trimmed using cutadapt v1.14. Reads shorter than 60 bp after quality trimming were discarded. Trimmed reads were mapped to the mouse Ensembl GRCm38 genome. The mapping was performed using Tophat2 (v2.1) software based on Bowtie (v1.2). Only uniquely mapped reads were kept for the differential expression. Reads were counted on GRCm38 annotated genes using FeatureCounts program (v1.5.0-p2). The differential expression gene were identified by P < 0.05 and an absolute fold change >1.5 using all biological replicates for each sample with DESeq2 R package (1.16) via SARtools (v1.4). Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis 16 was performed using the Database for Annotation, Visualization and Integrated Discovery. Pathways with P < 0.05 and fold enrichment >1.5 were considered significant.
Statistical analysis
Data are shown as mean ± standard error of the mean (SEM).
Comparisons between groups were performed using the unpaired Student's two-tailed t-test or analysis of variance (ANOVA) with a Bonferroni post hoc test where appropriate. A probability value of <0.05 was considered significant.
Results
Juvenile mouse model of sub-clinical DOX-induced cardiotoxicity
To represent a clinical scenario of childhood cancer chemotherapy, we administered once weekly DOX (4 mg/kg) to 5-week-old mice for a period of 3 weeks ( Figure 1A ). The DOX dosage regimen resulted in no change in survival rate compared to controls (saline) through 7 weeks following the first DOX administration ( Figure 1B ). Although this DOX regimen caused an initial decline in the weight gain of the mice ( Figure  1C ), the mice resumed their normal growth rate after the last DOX injection ( Figure 1C ). To determine whether the weight loss was due to DOX-induced change in activity and/or food consumption, we measured the locomotor activity and daily food intake in control and DOX-treated mice. There was no significant difference in activity ( Figure 1D ) nor in food consumption ( Figure 1E ) between control and DOX-treated mice.
To determine if the weight loss was due to skeletal muscle cachexia or loss of adipose mass, mice were subjected to echoMRI analysis at 5 weeks after the last DOX injection. Although juvenile DOX treatment did not alter the percentage of lean mass later in life ( Figure 1F ), DOX reduced the percentage of fat mass compared to controls ( Figure 1G ).
To investigate whether our protocol of DOX treatment caused overt cardiac dysfunction in mice, we performed echocardiography to assess cardiac function and morphology after a 5-week recovery period. We show that the dose of DOX administered in this study resulted in no changes in systolic or diastolic function as indicated by % ejection fraction and E/A ratio, respectively, or LV posterior wall (LVPW) thickness, or LV mass compared to controls ( Table 1) . Interestingly, despite the lack of changes in cardiac function or morphology as observed by echocardiography after a 5-week recovery period, DOX treatment led to a significant reduction in heart weight at 1 week after the last DOX injection (Figure 2A) , suggesting that DOX acutely impaired physiological cardiac growth or promoted cardiac atrophy.
To determine if there were indications of cardiotoxicity induced by DOX, a cohort of mice was euthanized at 1 week after the last DOX injection. Biological markers of cardiotoxicity were not extensively studied, largely due to the fact that the mice did not display overt signs of cardiotoxcity, which was an intentional design of our model. In the absence of overt biological changes, we therefore investigated 'sub-clinical' signs of cardiotoxicity using molecular markers. There was a significant increase in ANP gene expression in hearts of DOX-treated mice ( Figure 2B ), demonstrating 'sub-clinical' cardiac damage in hearts of DOX-treated young mice. In addition, we examined whether DOX treatment-induced additional molecular changes known to be involved in DOX-induced cardiac stress, such as increased protein expression of p53, decreased protein expression of vascular endothelial growth factor (VEGF), and increased activity of mitogen-activated protein kinase (MAPK) family. [17] [18] [19] [20] [21] Interestingly, our DOX regimen did not alter protein expression of p53 and VEGF, or activate MAPK family such as ERK1/ 2 and JNK ( Figure 2C-F 
Mice with previous DOX treatment do not undergo adaptive cardiac remodelling during adult-onset hypertension
Since hypertension is a risk factor for anthracycline-induced cardiotoxicity in adult cancer patients, 22 we determined whether or not juvenile mice with molecular evidence of DOX-induced cardiotoxicity have an increased susceptibility to developing an overt hypertension-induced cardiomyopathy in adulthood. To investigate this, mice were treated as described previously and also administered either a low dose of Ang II (1.4 mg/kg/day) or a high dose of Ang II (2.8 mg/kg/day) via osmotic pumps for an additional 2 weeks in order to induce hypertension and cardiac hypertrophy ( Figure 3A) . 10, 11 Following this, we first set out to demonstrate that the low dose of Ang II caused hypertension in all of the mice. Our data show that following 2 weeks of Ang II (1.4 mg/kg/day) administration, both control and DOX-treated mice displayed a significant rise in blood pressure ( Figure 3B) . Interestingly, even prior to Ang II infusion, mice that have been previously treated with DOX at a younger age also showed elevated blood pressure compared to control, indicating that DOX treatment at a young age can elicit a hypertensive response later in life.
As expected, following a rise in blood pressure at 2 weeks after a low dose of Ang II infusion, control mice developed compensatory cardiac hypertrophy indicated by increases in LV posterior wall thickness ( Figure  3C ), heart weight to tibia length ratio ( Figure 3D ), and cardiomyocyte cross-sectional area ( Figure 3E and F) . Conversely, mice that had previous DOX treatment displayed none of these compensatory cardiac adaptions to elevated blood pressure ( Figure 3C-F) . In accordance with the inability of hearts from DOX-treated mice to adapt to elevated afterloads, there was a decrease in stroke volume ( Figure 3G ) and cardiac output ( Figure 3H ) in DOX-treated mice following 2 weeks of Ang II infusion compared to controls. Interestingly, although a decrease in stroke volume and cardiac output may be related to systolic and/or diastolic dysfunction, we found no impairment in % ejection fraction, fractional shortening or E/A ratio in DOX-treated mice following 2 weeks of Ang II infusion (see Supplementary material online, Table S1 ). However, after 2 weeks of Ang II infusion, DOX-treated mice displayed a reduced LV internal diameter in diastole that resulted in a reduced LV volume at Table S1 ). These results suggest that the reduction in LV volume and LV internal diameter in diastole, stroke volume, and cardiac output in DOX-treated mice following 2 weeks of Ang II infusion was mainly due to a failure to develop compensatory hypertrophy, resulting in smaller hearts in DOX-treated mice. Of importance, this inability of the DOX-treated mice to adapt to elevated blood pressure was further demonstrated with the high dose of Ang II administration, which increases blood pressure more dramatically, 23 and resulted in significant morbidity and mortality of the DOXtreated mice compared to the control mice ( Figure 3I ). Upon necropsy, there was no obvious sign of aortic dissection or aneurysm and due to ethical issues, these experiments were not repeated in order to thoroughly examine the cause of death.
Resveratrol prevents DOX-induced hypertension and cardiac p38 activation
Since resveratrol has been shown to protect against DOX-induced cardiotoxicity in adult animals, 12,24-26 we examined whether or not resveratrol co-administration with DOX could protect against the development of hypertension or the development of molecular signs of cardiotoxicity in this juvenile mouse model. To do this, 4-week-old mice were placed on a regular chow diet or a chow diet containing 0.4% resveratrol for 4 weeks, which overlapped with the DOX treatment regimen ( Figure  4A ). To investigate whether or not resveratrol had any protective effects on DOX-induced hypertension, blood pressure was measured at 1 week after the last DOX injection. Although DOX administration-induced hypertension, resveratrol co-administration with DOX attenuated this increase in blood pressure ( Figure 4B ), demonstrating the protective effects of resveratrol on the loss of blood pressure control in DOXtreated mice. Interestingly, while DOX treatment alone elevated blood pressure in mice without resveratrol co-treatment ( Figure 4B ), the heart weight of DOX-treated mice was modestly, but significantly, reduced compared to controls, showing a lack of hypertrophic compensation even at young age ( Figure 2A , Figure 4C ). However, resveratrol cotreatment with DOX restored normal heart weight gain ( Figure 4C ). Since we identified earlier that p38 phosphorylation was significantly increased by DOX treatment ( Figure 2G ) and previous studies have shown that resveratrol can modulate p38 in the heart, 27 we investigated whether or not resveratrol prevented the phosphorylation of p38 induced by juvenile DOX treatment. Interestingly, while the activation of p38 was shown as a molecular marker of cardiotoxicity, the levels of P- Values are mean ± SEM (n = 3-4). HR, heart rate; EF, ejection fraction; SV, stroke volume; CO, cardiac output; LVID, LV internal diameter; LVEDV, LV end-diastolic volume; LVESV, LV end-systolic volume. 
Co-administration of resveratrol with DOX in young mice attenuates detrimental late-occurring cardiovascular changes
While we showed the acute beneficial effects of resveratrol on the pathogenesis of juvenile DOX-induced cardiotoxicity, little is known about long-term effects of resveratrol after the co-administration ended. Therefore, we investigated whether or not resveratrol coadministration with DOX to young mice protected against detrimental DOX-induced cardiovascular injury that prevented hypertensioninduced cardiac remodelling later in life ( Figure 5A ). To determine whether resveratrol co-administration with DOX at an early age could also protect from mild hypertension later in life, mice were infused with the low dose (1.4 mg/kg/day) of Ang II after a 5-week recovery period. Interestingly, the enhanced Ang II-mediated elevation in blood pressure in DOX-treated mice was completely prevented by the much earlier resveratrol treatment ( Figure 5B) . Importantly, much earlier coadministration of resveratrol with DOX also improved the ability of hearts from DOX-treated mice to adapt to elevated afterloads with improvements in adaptive cardiac hypertrophy ( Figure 5C and D) , and remodelling ( Figure 5E and F) along with almost a complete restoration of stroke volume ( Figure 5G ) and cardiac output ( Figure 5H) . Together, these data show that resveratrol treatment of young mice at the time of DOX administration has lasting protective effects that allow the DOXtreated mice to more appropriately respond to adult-onset hypertension. Since apoptosis and senescence are known to play critical roles in DOX-induced cardiotoxicity, 28, 29 we performed an RNAseq study to measure the downstream effectors of p53, a key regulator of both pathways. 28 Using the KEGG pathway analysis, we could not identify significant differences in the expression of p53 effector genes in myocardial tissues of DOX-treated or Ang-II-treated mice ( Figure 5I ). These results suggest that neither DOX nor Ang II alone is sufficient to modulate the signalling pathway downstream of p53. Conversely, the combined treatment of DOX followed by Ang II was sufficient to upregulate several genes including: cyclin-dependent kinase inhibitor 1A (p21), insulin-like growth factor binding protein 3 (Igfbp3), growth arrest and DNA damage inducible gamma (Gadd45g), TP53 apoptosis effector (Perp), and tumour necrosis factor receptor superfamily member 6 (Fas). Importantly, in keeping with its beneficial physiological effects, 30 resveratrol corrected the upregulation of all the genes with the exception of Fas ( Figure 5I and Supplementary material online, Figure S1 ).
Discussion
Since there are very limited data about the pathophysiology of subclinical cardiac injury seen in long-term cancer survivors who previously received low-dose anthracycline therapy during their childhood, we studied this phenomenon using a novel juvenile DOX-induced cardiotoxicity mouse model. An important distinction of the model used herein is that we used clinically relevant low doses of DOX that resulted in no cardiac dysfunction during the time of administration and the age of the mice can be considered to be close to age of paediatric patients. This is in contrast to previous models that either administered doses of DOX that rapidly damaged the heart 29 or used mice that were injected with DOX at post-natal day 5. 21 Although important studies, both of these previous scenarios are not as clinically relevant as the model that we employed and thus limit the translation of the findings to paediatric cancer patients.
Using the model that we described, we show that DOX resulted in slower weight gain in DOX-exposed young mice during the period of DOX administration, which is consistent to previous reports. 21, 29 In addition, DOX caused a significant decrease in heart weight in young Doxorubicin-induced cardiovascular injury and resveratrol mice in a similar manner that has been observed in anthracycline-treated childhood cancer survivors. 31 Intriguingly, the reduction in heart weight was observed only one week after the last DOX injection, and was absent at later time points. While the reasons for this are unknown, our findings are in agreement with an earlier study of juvenile DOX-induced cardiotoxicity. 29 Although our DOX protocol did not affect cardiac function, there were signs of cardiac injury at the molecular level including a significant induction of the cardiac stress marker, ANP and a significant increase in the phosphorylation of p38 MAPK, a conserved MAPK mostly implicated in stress signalling. 32 This activation of p38 MAPK is important given that activation of the p38 MAPK pathway can have several detrimental effects on the heart, 33, 34 which is consistent with DOXinduced cardiotoxicity. Of importance, we demonstrated that resveratrol co-administration with DOX prevented DOX-induced activation of p38 MAPK. This is in agreement with previous work showing that resveratrol attenuates p38 activation in other models of cardiac disease, such as diabetes-induced cardiac dysfunction 27 and ischemia/reperfusioninduced cardiomyocytes toxicity. 35 Thus, we speculate that the cardioprotective effect of resveratrol in this model may be mediated, in part via p38 MAPK suppression. Another important observation from this study is that exposure of juvenile mice to DOX caused a significant increase in their systolic blood pressure (SBP). While previous work has suggested that DOX-induced decrease in blood pressure is secondary to DOX-induced decrease in cardiac output and the general poor health status of the experimental animals, 12 this was obviously not the case in our study. In fact, given that exposure of the vascular bed of rats to DOX led to a marked blunting of the aortic response to the endothelium-dependent vasodilator, acetylcholine, 36 we propose that there is a direct detrimental effect on the vasculature of juvenile mice receiving DOX, which can persist into adulthood. This is entirely consistent with the report that there was a strong association between higher anthracycline doses and endothelial dysfunction in anthracycline-treated paediatric cancer patients. 37 Although we did not confirm these proposed mechanisms in the current work, we offer a valuable animal model that can be used to elucidate the mechanisms of DOX-induced increase in blood pressure in future studies. Despite not identifying the molecular mechanisms involved in disturbed blood pressure control induced by DOX, our findings are extremely important as pre-existing hypertension has been suggested to be a risk factor for anthracycline-induced cardiotoxicity in adult cancer patients 22 and that hypertension significantly increases the risk of heart failure in childhood cancer survivors. 8 Equally important is that coadministration of resveratrol at the time of DOX treatment could prevent this elevation of blood pressure and thus may have significant clinical utility in paediatric cancer patients receiving anthracyclines. Given the fact that: (i) we observed no overt cardiac dysfunction in mice administered DOX in our study but did observe molecular signs of 'sub-clinical' injury and (ii) hypertension is a risk factor for adult onset cardiomyopathy or heart failure, we postulated that juvenile mice with latent DOX-induced cardiotoxicity would have increased susceptibility to developing an overt, hypertension-induced cardiomyopathy in adulthood. Our data show that Ang II infusion for 2 weeks failed to induce cardiac hypertrophy in adult mice pre-exposed to DOX as juveniles despite the higher magnitude of SBP elevation observed in these mice. Surprisingly, adaptive cardiac hypertrophy in response to elevated blood pressure was not observed in mice previously treated with DOX, demonstrating a disconnect between elevated blood pressure and enhanced cardiac growth in these mice. Although cardiac hypertrophy is traditionally perceived as a pathological process, 38 it is still an integral part of the physiological response to elevated blood pressure. In the current study, prevention of Ang II-induced cardiac hypertrophy by previous DOX treatment was associated with lower stroke volume and cardiac output, suggesting a detrimental rather than a beneficial effect. While we studied the relative acute effects of elevated blood pressure, since hypertension is a life-long condition, the effect of longer periods of hypertension would be important to be studied in future experiments. Nevertheless, our data suggest that 'sub-clinical' cardiac injury may render the heart refractory to a normal physiological adaptation to elevated workloads and may be an important clinical parameter to monitor in cancer survivors. Equally important as identifying a potential new clinical endpoint for physicians to be aware of is the fact that we were also able to partially restore the ability of the heart to beneficially remodel in response to elevated blood pressure using resveratrol. Indeed, co-administration of resveratrol at the time of DOX treatment also confers long-lasting protection against DOX-induced cardiovascular toxicity even after discontinuation. Mechanistically, we demonstrated that Ang II-induced hypertension upregulated a number of p53 effector genes (p21, Perp, Igfbp3, Gadd45b, and Fas) in hearts of DOX-treated mice, suggesting senescence and/or apoptosis as plausible mechanisms of Ang II-induced unmasking of 'sub-clinical' DOX-induced cardiotoxicity. Importantly, coadministration of resveratrol with DOX to young mice prevented Ang II-induced upregulation in p21, Perp, Igfbp3, and Gadd45b, corroborating the known senolytic and anti-apoptotic effects of resveratrol. 39 In conclusion, we have developed a new preclinical model of occult DOX-induced cardiovascular toxicity in young mice. Utilizing this model, we have shed more light into the important pathophysiologal mechanisms of DOX-induced sub-clinical cardiotoxicity commonly detected in childhood cancer survivors who received low-dose anthracycline therapy. In addition, we demonstrated that juvenile exposure to DOX makes mice more susceptible to the detrimental effects of Ang II-induced hypertension later in life. Importantly, we showed that co-administration of resveratrol with DOX protected the young mice from occult cardiotoxicity, and conferred a long-lasting protection against the detrimental effects of Ang II-induced hypertension in adult mice pre-exposed to DOX as juveniles. Based on this, we suggest that resveratrol could be attempted in clinical trials involving paediatric cancer patients receiving low-dose anthracyclines. Given this suggestion, it is important to point out that previous preclinical work has shown that resveratrol can also augment the chemotherapeutic effect of DOX. [40] [41] [42] Thus, resveratrol may hold great promise as an adjunct therapy to anthracycline chemotherapy where it protects the heart while also improving cancer treatment.
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